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TRITICEAE: a tribe for food, feed and fun 
Roland von Bothmer and Bjorn Salomon 
Department of Plant Breeding Research 
Swedish University of Agricultural Sciences 
S-265 31 Svalov, Sweden 
INTRODUCTION 
T riticeae is an important tribe in the grass family, 
Poaceae. It contains the cereals wheat, rye, triticale, and 
barley as well as a large number of wild species, some of 
which are utilized as forage grasses. The tribe combines all 
kind of biological mechanisms and genetic systems: diploids 
and polyploids; annuals and perennials, inbreeders and 
outbreeders, and even apomicts. Due to this large 
variation T riticeae is an excellent model group for research 
in genetics, plant breeding, genetic diversity, taxonomy, and 
speciation in plants. 
T riticeae is distributed in almost all temperate areas of 
the world and consists of some 350-450 species (Dewey 
1984, West eta/. 1988, Tzvelev 1989). Most genera as 
defined today are exclusively either annuals or perennials, 
except the genera Hordeum, Dasypyrum and Seco/e that 
include annual as well as perennial species. Of the perennial 
genera, some are very large like Elymus with ca. 150 
species down to the monotypic genera Hordelymus, 
Peridictyon, and Pascopyrum (Fig. I). Apart from the 
Triticum/Aegilops group, which contains around 30 species, 
the other annual genera are small with 1-4 species. 
There have been important contributions by many 
great scientists for research in T riticeae. Three persons 
should be mentioned who have had a great impact on the 
research in the tribe, but in different areas. 
Figure I Perennial genera in the Triticeae with approximate number of species and genomes occurring within each genus. 
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S. A. Nevski (Fig. 2). 
The excellent Russian botanist S.A. Nevski died in his 
early 30s after some outstanding achievements. He had a 
remarkably good eye for biological variation and good 
judgements in taxonomic delimitations. Nevski made a 
comprehensive monograph of Hordeum, he treated the 
whole tribe for the Russian flora and made several 
taxonomic contributions (Nevski 1934, 1941 ). 
D. R. Dewey ( 1929-1993, Fig. 3) 
A pioneer contribution to the broadened investigation 
on Triticeae was made in Logan by Doug Dewey. Patiently 
he collected material, produced interspecific and 
intergeneric hybrids and studied their meiosis over a period 
of more than 25 years. Thanks to his work there is now a 
basic knowledge on the genome content in most perennial 
groups of the tribe (Dewey 1982, 1984 ). 
A.Love(1919-1994,Fig.4) 
The third person is more controversial, namely Askell 
Love. His very consequential treatment of the genomes 
(haplomes) as a basis for generic delimitation caused a very 
intense debate and his work encouraged people to work in 
Triticeae (cf. Love 1982, 1984). 
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In this presentation four major areas of research and 
development and the current problems will be reviewed: 
(i) germ plasm; (ii) taxonomy; (iii) phylogeny and 
relationships; and (iv) breeding aspects. 
GERM PLASM 
Collecting 
Collecting ofT riticeae germ plasm has over the last 
decade been rather intense and a major undertaking for 
several national and international organizations and 
research groups. The target areas for" collecting have 
primarily been the centers of diversity. For the crop species 
and their closest wild relatives this center is defined as the 
area with maximal genetic diversity, which, for the 
Triticeae, occurs in SW Asia (Fig. 5). For the other 
T riticeae species diversity centers are defined as areas 
where the highest number of species are distributed, 
namely in southern South America, western North 
America and particularly in Central Asia (Fig. 5). 
The most intense collecting efforts have concerned 
wheat and barley, especially in the Fertile Crescent in SW 
Asia- The major part of these collections are landraces, 
weedy and primitive material, introgressional forms and 
wild taxa of the primary genepools. Large holdings of 
Hordeum vulgare ssp. spontaneum (C. Koch) Theil. and 
Triticum/Aegilops spp. have successively been built up at 
several genebanks, e.g. USDA, ICARDA, CIMMYT, John 
Innes Center, the Ethiopian Genebank and others. There 
are, however, still underrepresented areas, where further 
collecting should be encouraged. For the genus Aegilops 
areas to consider include parts of northern Iraq, eastern 
Iran and the Caucasus. 
The genus Seca/e, including wild and primitive material 
of rye, is quite underrepresented in the world holdings. 
There have been no large scale missions for collecting of 
land races, wild and weedy forms of Secale. The target areas 
for the rye group would be central Anatolia, the Caucasus 
area, and the region north of the Black Sea. 
For the species more distantly related to the crops, the 
situation is somewhat different. Central Asia, parts of 
southwest Asia, South and North America are the most 
well collected areas, but there are still many regions from 
which living material is lacking. The more species rich areas 
where collecting should be made include parts of China, 
Afghanistan, Mongolia, Central Siberia, the Caucasus area, 
SW Asia, and parts of South America (Fig. 5). Some 
marginal areas like parts of SE Europe, New Zealand, 
North Africa, South Africa, and Erithrea need to be further 
explored. Some groups are underrepresented in the 
collections, like species of Pseudoroegneria, Leymus, and 
many of the annual genera. 
The problems for earlier collectors were mainly of 
political nature due to wars and conflicts. The difficulty to 
Figure 5 Diversity centers for the Triticeae; for the cereal crops and their closest allies, the center of diversity lies in the 
Middle East, and for the perennial genera, in Central Asia. 
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get access to material is now added with the possible 
problems arising with restrictions of collecting and free 
distribution of material. This is a result of the Rio 
convention which decided on the national ownership of 
genetic resources. Negotiations at FAO between member 
countries are going on and may hopefully lead to 
multilateral agreements about collecting and access to 
genetic resources. If this is not the case it will severely 
affect the possibilities to organize collecting missions and 
the access to germ plasm in the future. 
Conservation and Genebank Problems 
Material of wild species is invaluable for basic research 
and hopefully also for pre breeding programs and the need 
for collecting is obvious. It is, however, not self-evident that 
all material should be included in the gene banks. The 
importance of preservation of gene resources of primary 
and secondary gene pools for breeding purposes is well 
documented, but the value for preservation of other 
species of no immediate importance for breeding is not 
simple. Beside the general question of the value for 
preservation of the secondary and tertiary gene pools there 
are also several practical aspects which must be solved for 
the preservation of wild material. 
Contamination. During multiplication and 
rejuvenation contamination through seed and pollen is 
common and difficult to avoid. It is a general problem for 
everyone dealing with wild species. The measure would be 
to develop effective isolation between plots either spatially 
or mechanically for keeping each accession as clean as 
possible. For each cycle of multiplication or rejuvenation 
the identity of each accession must also be carefully 
checked. 
Loss of viability. The knowledge about the longevity 
of seeds is still fragmentary concerning wild species. Some 
species can survive in room temperature for decades, while 
others may loose their viability despite that careful 
precautions have been taken. The measure here is that 
more studies on seed storage conditions and seed 
physiology must be undertaken in a systematic way. 
Labor intensive work. The keeping of seeds of many 
wild species means that most seed handling must be done 
by hand, which is time consuming, ineffective and costly. 
Development of new technology is highly desired. Due to 
the above mentioned practical problems it is out of 
question trying to preserve all wild material that has been 
collected. One fundamental problem concerning the wild 
species is the strategy about which material is prioritized 
for preservation. Unfortunately, no real strategy has been 
developed. As it is now the gene banks simply include 
whatever comes in. The aim for the preservation must be 
that the material in gene banks should optimally represent 
the entire variation amplitude of each species. Two major 
parameters can be used concerning what material to 
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preserve, namely ecogeographic data on genetic diversity. 
Ecogeographic data starts to be available for the 
primary gene pool of the cereals. In Aegilops information 
about geographical origin, altitude, soil conditions etc. for 
some of the about 30,000 accessions is available in 
databases (Hodgkin et at. 1992), but for other genera this 
information is fragmentary. When better facilities are 
obtained studies of genetic diversity with biochemical, 
molecular or adaptive characters must be applied. 
If little material of wild species has been included in the 
gene bank the situation for the crops and the primary 
genepool is quite the reverse. Of wheat, the global holding 
constitute 570 000 accessions and of barley 320 000 
accessions (Hintum 1994). These are very high numbers, 
but what the accessions represent in terms of genetic 
diversity is not known. There are also many types of 
duplicates among the total number of gene bank accessions 
(Hintum and Kniipffer 1994). The high number of 
accessions together with the unknown number of 
duplicates among them makes the access to the gene bank 
material rather difficult. One solution out of this problem is 
the set up of core collections (Brown 1989). The core 
collection is "a selected and limited set of accessions 
optimally representing the genetic diversity of a crop and its 
wild relatives". That is where the ordinary germ plasm , 
collection in a gene bank has an uneven distribution of 
accessions regarding ecogeographic or genetic diversity 
parameters the core collection should have an even 
distribution {Fig. 6 ). The Core Collection will not replace 
the regular gene bank holdings but, on the contrary, make 
an easier access to them. The first core collection to be 
realized concerns barley (the BCC). The number of 
accessions is decided to be about 2 000 representing about 
I % of the available gene bank accessions. The BCC is now 
under multiplication and the objective is that it will be 
completed and fully operating until the next Barley 
Genetics Symposium ( 1996 in Canada). Based on the BCC 
a number of investigations will be set up to actually test 
how much of genetic diversity the chosen set represents. 
The creation of a 'T riticeae Core Collection" (TCC) 
with a fixed set of accessions for each species which could 
serve as standards in basic investigations and for 
preliminary pre-breeding efforts should be discussed and 
decided upon. Two accessions from each taxon or 
cytotype could be included, which results in a TCC 
consisting of 700 to 800 accessions, which is fully feasible. 
Utilization 
The collected and preserved material should naturally 
be widely utilized in research and breeding. The more an 
accession is used the more information will be available and 
the more will it be justified to preserve. There is a gap 
between the collection and preservation on one side and 
utilization on the other. The major problem, especially in 
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Figure 6 The core collection concept. A regular germ plasm collection has an uneven distribution of accessions whereas the 
core collection has an even distribution. (Modified from Hintum 1994). 
research, is that the accuracy and the source of the 
material used often is neglected. If scientists were as careful 
about their material as they are about their methodology 
our knowledge about the T riticeae species would be far 
better. The use of unidentified or not verified material 
should not be allowed in publications. Accurate citations of 
the seed source with passport data or at least a number 
referring to a particular genebank accession should be 
obligatory, but it is sadly far from common. Documentation 
by voucher specimens for later verification of the identity is 
also desirable. 
Taxonomy 
The basis for our understanding of relationships and 
phylogeny is the species. If we know how the individual 
species look, how they vary and how they are distributed, 
there are better possibilities to choose material for 
phylogenetic studies and breeding. Classical taxonomic 
studies based on herbarium specimens are urgent and 
should have a high priority. Efforts should also be invested 
to gather data on habitat requirements which are lacking 
for many species. The taxonomic data at the species level 
will also throw light on the delicate and controversial 
discussion on generic delimitations. 
Over the years many taxonomic studies of genera or 
groups of species have been made. One could thus get an 
impression that further basic taxonomic work is 
superfluous. Nothing could be more wrong! During the last 
two decades there have been surprisingly few taxonomic 
studies and there are still several complicated groups which 
have not been thoroughly investigated. 
Some groups have been the subject for recent 
taxonomic treatments, for example, the annuals: 
Dasypyrum, Eremopyrum, Henrardia, Amblyopyrum, 
Heteranthelium, and T aeniatherum (Frederiksen 1986, · 
1990, 1991, 1993). The genera Aegilops and Triticum are at 
present under revision, where Aegilops and some of the 
Triticum species are ready for publication (Van Slageren, 
ICARDA, personal comm.). Among the perennials, which 
have been treated recently, are Psathyrostachys (Baden 
1991 ), Hordeum (Bothmer et a/. 1991 ), Leymus in North 
America (Barkworth & Atkins 1984), and some groups in 
Elymus (Salomon 1994, Lu 1995) and Thinopyrum Qarvie 
1992, Assadi 1994). Cladistic and numerical approaches 
based on morphological characters have also been carried 
out in the tribe (d. Baum 1982, Kellogg 1989, (Frederiksen 
& Seberg 1992). 
There are still several groups which are poorly known, 
for example Leymus and Pseudoroegneria in Asia, and the 
major parts of Elymus and Thinopyrum . Joint international 
efforts could solve some of these taxonomic problems. 
One such proposal is a Scandinavian initiative for an Elymus 
network with the aim to study the genus from different 
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angles and hopefully ultimately lead to a monographic 
treatment of this huge genus. National and regional 
initiatives for taxonomic treatments, especially in the 
diversity centers, should be greatly encouraged and 
financially supported. 
PHYLOGENY AND RELATIONSHIPS 
Cytogenetic Methods 
Based on chromosomal pairing in the meiosis of 
interspecific and intergeneric hybrids classical cytogenetics 
has gradually built up the knowledge on genome 
relationships in the Triticeae (cf. Dewey 1984, Love 1984). 
There is now a framework done, and the genomic content 
is partly known for some genera with some genomes 
occurring in more than one genus (Fig. I). The H genome 
occurs in the genera Hordeum, Elymus and Pascopyrum. 
The S genome occurs in species of Elymus, Pseudoroegneria, 
Thinopyrum and Pascopyrum. The N genome occurs in 
Psathyrostachys, Leymus, and Pascopyrum. The J genome 
occurs only in Thinopyrum in a broad sense and not in 
Leymus as formerly postulated (Zhang & Dvorak 199 I , 
Wang & Jensen 1994). 
There are still several species which are not studied at 
all. Including in particular species of Elymus and Leymus in 
Asia. Still unknown genomes occur in Hordelymus, 
Peridictyon, Leymus, Pascopyrum and Thinopyrum. Several of 
the studied genomes have no obvious connections to 
-
others, e.g. the G genome of Festucopsis. 
The problems included in genome analysis should not 
be ignored. This encounters especially the genetic pairing 
regulation like the Ph genes in wheat and other species 
(McGuire & Dvorak 1982, Petersen 1991 ). The operation 
of these pairing promoting or pairing reducing genes 
disrupt the regular pairing patterns which may result in 
wrong conclusions on genome affinities. However, by the 
analysis of a large number of hybrid combinations this risk 
is reduced. Information on genome relationships will also in 
the future contribute to the understanding of species 
relationships in the T riticeae. 
Molecular Methods 
Much effort has been invested in development of new 
techniques for studies of phylogenetic relationships, which 
also have been applied in the T riticeae. These methods 
include biochemical techniques like electrophoresis of 
isoenzymes and storage proteins (cf. Jorgensen 1986, 
Jaaska 1992). Molecular biology has added to the richness 
of new, powerful, and sophisticated techniques, like RFLPs, 
and RAPDs both of nuclear and organellar DNA ( cf. Talbert 
et a/. 1991, Doebley et a/. 1992, Dvorak & Zhang 1992, 
Kellogg 1992, Molinar et a/. 1992, Terachi & Tsunewaki 
1992). 
Over the last years there are mainly two types of 
molecular investigations that have been done. (I) This 
group includes studies that are concentrated on a genus or 
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Figure 9 RFLP variation between different genera of the T riticeae. The letters represent genome designations. (Modified 
from Monte et of. 1993). 
a restricted group of species. Here several more or less 
closely related species or populations are selected. In the 
Triticum/Aegilops group Talbert et of. ( 1991) studied the 
repetitive DNA sequences primarily characteristic for the S 
genome and how the diploid and the polyploid species are 
related. T. speftoides (Tausch) Gren. is distinct from the 
other diploid S-genome species. The tetraploid T. 
timopheevi (Zhuk.) Zhuk. is shown to be 98% identical 
showing close affinity between the S and the G genomes 
(Fig. 7). 
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In Hordeum several studies with different techniques 
have been applied, like a cpDNA study by Doebley et at. 
( 1992) showing differentiation between the four basic 
genomes in the group. This pattern is also evident in the 
study of repetitive sequences of the nuclear DNA by 
Svitashevet at. (1994, Fig. 8). 
In this kind of studies it is often so that a too narrow 
group is chosen. Further representatives outside the group 
should be included. It is, for example, usually not 
meaningful to compare just the cereals and include none of 
the wild species. (2) The other approach includes usually 
the whole tribe. The species are chosen to represent an 
entire group or genus. For example, Monte et at. ( 1993) 
studied the RFLP variation of 21 eDNA probes from 
hexaploid wheat in 16 species of the T riticeae (Fig. 9). 
They found a good correlation between the phylogenetic 
tree produced by this approach and by earlier 
investigations. 
In this type of investigations the chosen species may 
not at all be representative for the group or the variation 
within the group is not covered sufficiently. More careful 
considerations and planning about the material should be 
done before the costly techniques are applied. 
In Situ Hybridization 
One particular molecular technique is in situ 
hybridization or molecular cytogenetics where a probe is 
hybridized with chromosomes - usually in the metaphase 
plates. In situ hybridization has contributed quite a new 
tool to study the organization of the DNA structures in the 
chromosomes and affinities between species (Lapitan eta/. 
1987, Anathawast-J6nsson, K. et at. 1990, Heslop-Harrison 
1992, 0rgaard & Heslop-Harrison 1994 a,b ). It refines our 
tools for genome analysis and for breeding purposes. 
The probes can detect: cloned sequences, 
chromosomal segments, whole chromosomes, and entire 
genomes. A special aspect is the possibility to study the 
meiosis and distinguish between auto- and allosyndetic 
pairing. 
All the new techniques have added immensely to the 
knowledge of relationships in the Triticeae. In the future 
we will get new and exciting results. There are two major 
areas where the knowledge of relationships and phylogeny 
is particularly weak. (I) Many of the annual species of the 
T riticeae belong to small or even monotypic genera. The 
morphology is in most cases quite distinct. Crossing 
experiments and genome analysis have not added much to 
our understanding of the affinity to perennial groups or 
genomes. How are these annuals differentiated, which are 
their respective closest relatives and are they old or new 
taxa? Do the annuals have particular genetic systems which 
promote rapid differentiations? (2) Several of the perennials 
have been poorly studied mainly due to lack of material. 
These include several species of Asiatic Leymus and Elymus. 
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With various methods one should study which groups of 
species are monophyletic and perhaps ultimately to get a 
better generic delimitation. 
BREEDING 
The breeding aspects in the T riticeae are naturally 
dominated by the big cereal crops, wheat, barley, and rye. 
In this context the elite breeding in cereals will not be 
discussed, but merely the utilization of a wider genepool in 
pre-breeding programs. The entire tribe constitute a vast 
genepool. Many species belong to the primary and 
secondary genepools of bread and durum wheats, and due 
to the polyploidy several species from the tertiary genepool 
are also used. The efforts in pre-breeding is dominated by 
screening for disease resistance in wild Aegilops and 
Triticum. Over the last decade resistance to at least IS 
pathogens have been investigated and some of the sources 
are now included in conventional breeding programs (d. 
Tosa & Sakai 1991, Eastwood eta/. 1994, Siedler eta/. 
1994). Some work has also been devoted 
to stress tolerance, mainly for salt and drought (d. 
Nevo eta/. 1993, Taeb et at. 1993, Dubcovsky et at. 1994). 
Among other genera of interest for wheat improvement 
include the annual Dasypyrum villosum (L.) Candargy and 
some perennial species like Thinopyrum e/ongatum (Host.) 
D.R. Dewey, Th. bessarabicum (Savul. & Rayss) A. Love and 
Th. intermedium (Host) Barkworth & D.R. Dewey (d. 
Blanco et a/. 1988, Jiang et a/. 1993, William & Mujeeb-Kazi 
1993, Zhong & Qualset 1993). 
Contrary to wheat, barley is a diploid organism which 
makes gene transfer more problematic. Only the 
progenitor of the crop, Hordeum vulgare ssp. spontaneum 
belongs to the primary genepool. It has been studied 
particularly for resistance to BYDV, powdery mildew and 
rust (d. Jana & Nevo 1991, jahor & Fischbeck 1993). Ssp. 
spontaneum material is at present included in at least three 
major pre-breeding programs (d. Lehmann & Bothmer 
1988). 
Hordeum bulbosum L., which is the single species in 
the secondary genepool of barley (Bothmer eta/. 1991 ), 
has since long been used in production of doubled haploids 
through chromosome elimination (d. Lange 1988). Now 
there are also promising results with the use of H. 
bulbosum for transferring genes to barley (Pickering 1992, 
Xu & Kasha 1992). The first successful transfer was with a 
resistance gene for powdery mildew. The other wild 
species of Hordeum are more inaccessible for breeding 
(Both mer et at. 1991 ). 
Rye has been extensively used as a gene source for 
transfer of resistance genes to wheat. For breeding of rye 
the very closely related wild species could be utilized but 
so far very little efforts have been invested (Singh & Seti 
1991, lzdebski 1992). 
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New Crops 
The intergeneric hybrid between wheat and rye, 
triticale, is now at last established as an important cereal in 
some countries. It took about a century to develop triticale 
from the time of the first crosses. It is thus not an easy task 
to introduce new crops. One very interesting attempt to 
develop another amphiploid, putative new crop is 
tritordeum, i.e. the intergeneric hybrid between Hordeum 
chilense Roem. & Schult. and Triticum, especially 
durum-wheat. The first crosses were made at PBI in 
Cambridge some 20 years ago (Martin & Chapman 1977). 
The first papers included mainly hybridization, 
cytogenetics, and molecular studies (d. Martin & 
Sanchez-Monge Laguna 1980, Padilla & Martin 1983, 
Schwarzacher et a/. 1989). Later more applied approaches 
were performed, for example, on resistance to rust, 
powdery mildew and nematodes as well as on field trials 
(cf. Milan eta/. 1988, Alvarez et a/.1992, Rubiales eta/. 
1992, 1993). Another interesting new combination is wheat 
X Leymus spp. (cf. Plourde eta/. 1993). Even ifthe task to 
establish a new crop seems frustrating further initiatives 
should be encouraged. 
Forages 
T riticeae comprises also several range and forage 
grasses, which are important for grazing in natural 
conditions in Central Asia as well as under domesticated 
conditions in North America. The most important species 
are the crested wheatgrasses (Agropyron cristatum (L.) 
Gaertn.), intermediate wheatgrass (Thinopyrum intermedium 
(Host) Barkworth & D.R. Dewey), and Russian wildrye 
(Psathyrostachys juncea (Fisch.) Nevski). Much work is in 
progress concerning disease resistance, stress tolerance 
and yield potentials in these and other species (d. Berdahl 
& Krupinsky 1987, Johnson 1991, Asay 1992, Dong eta/. 
1992, Vogel eta/. 1993, Xu & Conner 1994, Wang 1994). 
Similar studies should be encouraged in other parts of the 
world, e.g. in Central Europe, SW Asia, and South America 
(d. Salomon eta/. 1992, Esteban eta/. 1993). 
CONCLUSIONS 
There is a huge task lying in front of us for research 
and development in the T riticeae. To summarize some of 
the major topics: 
Germplasm: 
- enlarge collecting 
- improve preservation 
- increase utilization 
Taxonomy: 
- more monographic studies 
- improve the generic delimitation 
Relationships and phylogeny. 
- consensus of genome designation 
- study the relationships with the annuals 
- study the relationships with the perennials 
Breeding: 
- improved technique for gene transfer 
- more studies of agronomic traits 
The T riticeae symposia need to get a formalized 
continuation. It is important that breeders and researchers 
meet at regular intervals to discuss this fascinating plant 
group. Further international cooperation in T riticeae 
research is also required. 
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